Objectives. Children working in vehicle spray-painting, mechanical, and other trade workshops are at significant risk of exposure to organic solvents and, as a result, may be at significant risk of developing clinical and subclinical signs of neurotoxicity. This study reports on the association between exposure to solvents and neurobehavioral performance on a number of non-computerized tests for working children exposed to solvents in comparison with nonexposed working children and nonexposed children at school.
SYNOPSIS
Objectives. Children working in vehicle spray-painting, mechanical, and other trade workshops are at significant risk of exposure to organic solvents and, as a result, may be at significant risk of developing clinical and subclinical signs of neurotoxicity. This study reports on the association between exposure to solvents and neurobehavioral performance on a number of non-computerized tests for working children exposed to solvents in comparison with nonexposed working children and nonexposed children at school.
Methods.
A convenience cross-sectional sample of 300 male children aged 10-17 years was recruited for study. The exposed working group and the two nonexposed groups (working and nonworking school) were matched, as far as possible, on geographic location of residence and age. Neurotoxic effects were assessed through a questionnaire and the child's performance on a selection of neurobehavioral tests.
Results. Exposed working children scored worse on the overall neurotoxicity symptoms score (meanϭ6.8; standard deviation [SD]ϭ3.6) compared with the nonexposed working children (meanϭ1.3; SDϭ2.0) and school children (meanϭ1.2; SDϭ1.8). Analysis of the non-computerized neurobehavioral tests demonstrated that exposed working children performed significantly worse than the two nonexposed groups on the motor dexterity and memory tests. Results of the mood test showed that exposed working children were more angry and confused than the nonexposed groups.
Conclusion. There is an association between exposure to solvents and lower neurobehavioral performance, with significant neurobehavioral deficits among children exposed to solvents in comparison with working children not exposed to solvents and nonworking school children. Memory and motor dexterity appear to be particularly affected in solvent-exposed working children.
Child labor is a social problem in Lebanon, especially in the underserved urban neighborhoods of the major cities and in rural areas. 1 This phenomenon is attributed to poverty, loss of or injury to parents during the civil war, low educational status of parents, lack of recreational activities for children, divorce, and loss of work opportunities for parents. In addition, an increasing number of students are leaving their schools for economic reasons or lack of interest. 2 A report indicates that, in spite of several national laws and international agreements that ban child labor, more than 40,000 children younger than 18 years of age are active participants of the labor force in Lebanon-comprising 4.6% of the total work force. 1 Most of the 10-to 14-year-old working children are full-time paid workers and the majority of males are employed in metal works, handicrafts, and artisan production. 3, 4 Children working in mechanical and other trade workshops are at significant risk of exposure to organic solvents and, as a result, may be at significant risk of developing clinical and subclinical signs of neurotoxicity.
Previous studies have investigated the magnitude of developmental neurotoxicity and the effects on children of environmental exposure to lead, 5-7 methylmercury, 8-10 pesticides, 11, 12 and other toxins. To our knowledge, there have been no published studies that have investigated the association between neurotoxicity and solvent exposure of children in the workplace. Research on solvent exposure among children is still limited to glue sniffers and solvent abusers, who often have other confounders, such as alcohol use and malnutrition. 13 However, exposure to solvents has been associated with several neurobehavioral effects among working adults, such as loss of dexterity, delayed reaction time, lack of concentration, and loss of memory. 14 One study specifically reports neurotoxic signs in visual attention, perceptual speed, and memory functions in paint manufacturing workers exposed to low-level organic solvents. 15 Many studies have shown clear dose-effect relations between the degree of exposure and the magnitude of the associated neurobehavioral deficits. 16 Paint manufacturing workers, chronically exposed to mixed solvents at levels less than the recommended threshold limit value, have been reported to exhibit poorer neurobehavioral performance and diminished digital sensitivity to vibration. 17 Similarly, another study compared a group of Korean painters exposed to a mixture of solvents to nonexposed controls. 18 Solvent workers performed significantly more poorly than controls on the Benton Visual Retention (BVR) test, digit symbol test, and the Santa Ana Dexterity Test. 18 However, when adjusted for age, alcohol intake, and smoking, only the BVR remained significant. 18 In an earlier article, present author Saddik and colleagues reported from findings in Lebanon that working children exposed to solvents performed worse than the nonexposed groups (working and nonworking school) on reaction speed for the choice reaction time, symbol-digit, and dual task tracking tests; however, accuracy of performance was not affected on these tests. 19 Children in the exposed working group also complained of more headaches, loss of concentration, memory deficits, and higher irritability. This article reports further analyses from the same study and examines the effect of exposure to solvents on neurobehavioral performance, specifically on measures of attention, memory, mood, and complex motor and cognitive function from the Neurobehavioral Core Test Battery (NCTB). 20 The effect will be assessed for working children exposed to solvents in vehicle spray painting, mechanical, and furniture painting workshops compared with groups of nonexposed working children and nonexposed nonworking school children.
METHODS

Subject selection
A total of 300 male children aged 10-17 years were recruited to this convenience cross-sectional study. The study sample consisted of 100 working children exposed to organic solvents at work (the exposed subject group), 100 working children not exposed to organic solvents at work (the positive control group), and 100 nonworking school children (the negative control group). Children were recruited to the study by means of walk-through surveys within the cluster of industrial areas of the city of Tripoli and its environs in North Lebanon. These areas are known for their small industrial establishments and the relatively high rates of working children.
Children working in places with potentially high exposures to solvents were identified during the walk-throughs and approached at work. The high exposure places consisted of automotive spray painting, mechanical repair, and furniture painting workshops. During initial contact at the workplace, the objectives of the study were explained to each child and to the child's employer. After securing the consent of the child and his employer, the child was visited at home where the consent of the guardian also was obtained. Similarly, the nonexposed working children were selected by means of walk-through surveys. The workplaces approached for this group were in the vicinity of those from which the exposed group was recruited, but these places were without the potential for exposure to solvents. They included barbershops, butcheries, and retail convenience stores. The nonworking school children were recruited from the residential neighborhoods of the working children. Because of the nature of the workplaces selected for this study, all working children in the study were male, and since gender matching was required, all the school children controls were also male. The three groups of children were frequency matched, as far as possible, on age and area of residence.
Data collection
Questionnaire. Each child was interviewed at home in the presence of his parents using a standardized questionnaire. General sociodemographic data were collected, as well as information on the work history and social habits of the child. General health and neurotoxic symptoms also were recorded. Because the questionnaire was interviewer-administered, the child was prompted rigorously regarding the type of work he did, actual tasks he performed, and any other information that would help determine his levels of exposure to solvents. The neurotoxic symptom questions were derived from the Swedish Q16 Neurotoxic questionnaire developed to monitor effects on the central nervous system among workers exposed to solvents. 21 This questionnaire contains 16 short questions with yes or no response alternatives on symptoms commonly described by workers exposed to solvents. 22 For the purposes of this study, these questions were modified to make them more applicable and comprehensible to children. Specifically, the questions on changes in sex life were deleted and questions pertinent to an illiterate population were added. These questions included items such as, "Do you understand meanings of things watched on TV?" In the end, a total of 17 questions were asked. A neurotoxicity score was developed for each child by adding up the number of positive responses to the 17 symptoms (range: 0 to 17).
Neurobehavioral tests.
A set of neurobehavioral tests was selected for the study from a number of different test batteries previously used in other studies. Particular emphasis was placed on the selection of performance (rather than verbal) tests that were specifically developed or tailored for a non-English-speaking and illiterate population in an attempt to reduce the effect of cultural differences on test performance. Tests also were selected on the basis that they assessed specific neurobehavioral functional domains and modalities that have been shown to be affected by solvents in previous studies. The selected tests included computerized and manual non-computerized tests. We reported on the computerized tests in a previous article. 19 This article will report on the non-computerized tests from the NCTB, specifically tests of mood (Profile of Mood States [POMS]), manual dexterity (grooved pegboard), and short-term memory and attention (Wechsler Intelligence Scale for Children-Revised [WISC-R] Digit Span). 20 In addition, the Draw a Person (DAP) test was used in an attempt to estimate complex cognitive function or intelligence and to obtain an indicator of premorbid intellectual abilities. 23 Details of these tests are briefly described below.
The Profile of Mood States (POMS) test. This is a non-verbal analogue profile of mood test used to determine the mood of the child. This test has been previously used on children to assess mood states. 8 Cartoon pictures of faces portraying various mood states (happy, tired, afraid, angry, energetic, sad, confused, and tense) were presented with a nonverbal response scale consisting of a horizontal 10 centimetre (cm) line between the neutral face and the one portraying a mood state. In the original test, a vertical line was used and the cartoon faces were on the bottom and top of the page. 8 Following a pilot study conducted using this test, the vertical line was changed to a horizontal line of the same measurement with the faces on the right and left hand sides of the page. In this test, the child was asked to indicate on the scale how they felt as they were presented with the eight stimuli (mood states). The score for each stimulus is the distance in cm from the neutral face. Two composite scores were computed for the two positive (happy, energetic) and the remaining six negative feelings.
Draw a Person (DAP) test.
The DAP test was used in this study because it is a nonverbal, nonintrusive, and easy to administer estimate of intelligence with inherent appeal to most children. 23, 24 The children were asked to draw pictures of a man, a woman, and then themselves. To draw each picture, they were given five minutes-or less, if they felt that they had nothing else to add to the picture. A separate page was used for each picture drawn. To test inter-rater reliability, each picture was evaluated by three scorers for content and complexity, and scored using cognitive criteria identified in the test manual. 23 In this system, 14 features (arms, attachment, clothing, ears, eyes, feet, fingers, hair, head, legs, mouth, neck, nose, and trunk) are rated on scales that range from 0 to a maximum of 3, 4, 5, or 7 points. Raw scores were converted to standard scores and age-equivalent scores using tables for individual drawings supplied in the test manual. 23 DAP standard scores from only one scorer were used in the data analyses because no significant differences were found among the three scorers.
Grooved pegboard. In this test, the child was presented with small pegs with grooves on one side and a board with holes. The child was asked to fill the holes in the board with the pegs as quickly as possible using only one hand to pick up, rotate, and fill the holes in a structured manner (left to right or right to left, depending on the hand used). The dominant hand was used first and then the non-dominant hand. A total of 25 pegs filled the board. The child's time for each hand was recorded.
Wechsler Intelligence Scale for Children-Revised (WISC-R) Digit
Span. In this test, a series of digit spans of increasing length starting from a combination of two numbers between one and nine were presented to the children verbally in Arabic. The task of the child was to repeat the sequences in the same order as they were given in the digits forward test and in the reverse order they were given in the digits backward test. The trial was discontinued when the child failed both sequences of the same length (for example, if both sequences of five digits were failed). The score was the total number of correct trials.
Procedure
The interviewing and testing components of the study were carried out on separate days. Parental consent and administration of the questionnaire were done on the first visit, followed by neurobehavioral testing on the subsequent visit. All the children were tested at home and were introduced to the non-computerized tests, followed by the computerized tests. The test session took approximately 40 to 45 minutes; in most cases, the parents were present during the testing of the child. A thorough verbal introduction was given at the beginning of testing. The POMS test was administered, followed by the DAP test, the grooved pegboard test, and the verbal WISC-R Digit Span. The sequence of testing was the same for all children in the study, regardless of exposure status.
Data analysis
We compared sociodemographic characteristics, personal habits, occupation, neurotoxicity score, and neurobehavioral performance among the three groups of children. Data were analysed using SPSS Version 11 for windows. 25 One-way analysis of variance (ANOVA) using Bonferroni post-hoc tests, t-tests, and chi-square analysis were used to test for statistical significance, set ␣ at 0.05, for both continuous and categorical variables. A Bonferroni adjustment was used where multiple tests were done. For example, if eight comparisons were made, the alpha level was reduced to 0.006 for each Public Health Reports / November-December 2005 / Volume 120 test. We used one-way analysis of co-variance to adjust for variables that showed statistically significant differences among the three groups of children, namely, child's age, education, parental education, smoking, coffee drinking, substance sniffing, and head injury with loss of consciousness less than 15 minutes. Table 1 compares the sociodemographic, work, and health characteristics of the three groups of children. Nonworking school children were slightly younger in age than the other two groups, and the nonexposed working children and their parents had a lower education level than the exposed working and nonworking school children and their parents. None of the children reported that they drank alcohol, but the working children reported a higher frequency of smoking (pϭ0.02), coffee drinking (pϭ0.005), and substance sniffing (pϭ0.004) than the nonworking school children. No differences were found among the three groups of children regarding their reports of chronic health problems. The exposed working children reported on average working 1.3 years longer than the nonexposed working children and were significantly younger than the nonexposed working children when they started work.
RESULTS
During the walk-through surveys, children were found to be working in very poor hygienic conditions and performing the same duties as adults with no protective or safety measures in place. The solvents that were identified from the walk-through surveys included benzene, xylene, toluene, hexane, styrene, and methyl ethyl ketone. Table 2 shows that exposed working children scored significantly higher on the neurotoxicity score compared with the two other groups, both before and after adjusting for Table 1 . General characteristics of the 300 exposed and nonexposed children Table 3 compares neurobehavioral performance on the non-computerized tests across the three groups. The multiple comparisons and alpha level for each test were set at pϽ0.003. Educational level was a possible confounder for performance on these tests, given the significant differences in levels of education among the groups. Analysis using general linear models (ANOVA and ANCOVA) was undertaken, first with only group as a fixed factor, then again with age, educational level, parental education, smoking, coffee Bonferroni post-hoc test concludes statistically significant difference between mean of working exposed group and working nonexposed and between working exposed group and school children at pϽ0.003 value.
b
Bonferroni post-hoc test concludes statistically significant difference between mean of school children and working children (exposed and nonexposed) at pϽ0.003 value. drinking, substance sniffing, and head injury as covariates. Significant differences were found in performance on the DAP, grooved pegboard, and Digit Span tests in the crude unadjusted analysis, indicating lower overall complex cognitive function or intelligence, slower motor coordination, and less attention and/or poorer memory. Controlling for age, educational level, parental education, smoking, coffee drinking, substance sniffing, and head injury as covariates, differences remained significant in all tests except for the WISC-R Digit Span backward and DAP tests. As for the POMS test, exposed working children showed adverse effects compared with nonworking school children and compared with nonexposed working children for some mood states. The exposed working children reported being angrier and more confused than nonexposed working and nonworking school children, suggesting a role for solvent exposure in this effect. Interestingly, both working groups reported being less happy, less energetic, and more tired than nonworking school children, indicating that working itself had an adverse effect on children. The findings did not change after controlling for covariates, except that the significant effect of feeling less happy and more tired, found for the working children, disappeared.
DISCUSSION
The results of this study strongly suggest that children who were working in occupations where they were exposed to solvents had significantly poorer neurobehavioral functions compared with nonworking children and, most importantly, also compared with nonexposed working children. Analysis of the non-computerized neurobehavioral tests has confirmed that there is an association between exposure to solvents and poorer neurobehavioral performance. Memory and motor-dexterity appear to be particularly affected in solventexposed working children even when differences in age, educational level of the child and parents, and other potential confounders of performance functions (smoking, coffee drinking, substance sniffing, and head injury) were accounted for statistically. The exposed working group reported around six times the number of neurotoxic symptoms compared with both the nonexposed working and nonworking school children. Previous studies of the effects of solvent exposure have also shown higher reporting of subjective neurotoxic symptoms. 26, 27 The previous report on the results of this study examined which of the individual neurotoxic symptoms were experienced by exposed working children and showed that not all symptoms were effected, but higher reports of feeling lightheaded, difficulty concentrating, higher irritability, and headaches differentiated working exposed children from the other nonexposed groups. 19 This specific pattern of effects also is consistent with the previous studies of neurotoxic symptoms and solvent exposure. Furthermore, the findings of this study on mood effects further suggest a role for solvent exposure in this effect, particularly when more reports of anger and confusion in working exposed children are consistent with other studies on mood states and solvent exposure. 28 Although there are few studies of solvent toxicity in children assessed by neurobehavioral tests, previous studies have reported and assessed occupational solvent exposure in adults that have shown effects on memory, attention, and motor dexterity. 18, [29] [30] These functions also were clearly affected in this study. Furthermore, the nature and magnitude of the effects on performance in the exposed working children are of statistical and practical significance. Solvent-exposed children showed roughly a 20% slowing in hand-eye coordination (grooved pegboard) and in the capacity to remember new information (WISC-R Digit Span forward and total) compared with nonexposed children, whether they were working or not. These effects are likely to have implications for the capacity of the exposed children to respond to new demands and to learn new information. For the DAP test, exposed working children showed significantly poorer performance, although the effect disappeared when the analysis was adjusted for potential confounders. This indicates that the lower performance of exposed working children on this test was due to factors other than exposure.
The consistency of these results with patterns found in previous studies of solvent exposure and the fact that they persist after controlling for some of the common potential confounders of performance on neurobehavioral tests also strongly suggest that these neurobehavioral deficits may be due to solvent exposure. A causal link between solvent exposure and neurobehavioral deficits is plausible, considering the findings of this study and those of others who have reported similar effects on the nervous system. 31, 32 Longitudinal research with careful assessment of solvent exposure and neurobehavioral function is necessary to clarify the nature of the relationship between solvent exposure and neurobehavioral deficits.
Certainly, the results are clearer than those found in many studies of solvent exposure in adult working populations, where no association has been found between solvent exposure and neurobehavioral deficits. A study in Australia found no significant changes in neurobehavioral function in the first two years of exposure to solvents in apprentice car spray painters. 33 Likewise, another study found no solvent-associated effects on the nervous system in currently employed painters. 34 This may be due to the higher vulnerability to solvent exposure in these very young workers compared with older adolescence and adults, or perhaps the level of exposure in this study is much higher than that seen in other studies.
CONCLUSIONS
Overall, the results of this study indicate that, in Lebanon, children working in areas exposed to solvents are at greater risk for serious health problems than those children who work in nonexposed areas. The findings in this study suggest that urgent action needs to be taken to address the effect of exposure in this group to prevent further deterioration in performance.
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